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ELECTRODYNAMICS OF THE HIGH LATITUDE IONOSPHERE

1. lid rolductiofl.

hFile studv of high latitude ionospheric electrodynamics is important to both our

1 11de(rtanding of the ion~ospleric plas ia and to an understanding of the interaction bet weeli

the h arth's magnetic field with the inlerplanetarv medium. A quantitative description of

the convective motion of the high latitude ionospheric plasma is being pursued for the

p~urpoe of studying plasma structures where the convective history of the plasma may be

iniportant. The model developed for describing conditions during southward interplanetary

nmagnetic field (INIF) has been adapted to possess a flexibility allowing some representations

(, convection patt ertis that may exist during limes of norilhward IIF. Of particular interest

during time, (of northward IMF is the electric field configuration associated with stable

atiroral feature at very high latitudes. The electrodynamic configuration of these features

ha, been describied using a variety of satellite and ground based diagnostics that may

also help us to understand the global configuration of the magnetic and the electric field

associated with them.

The dominance of small-scale structure in the electric field and plasma density

(luring times of northward IMF has lead to a study of the ways in which these parameters

are coupled. While it is customary to think of the Earth's magnetic field lines as electric

equipotentials, it can be shown that they are far from exhibiting this property for scale

,ize, less than a few kilometers. The effects that scale-size dependent electric field mapping

has on the development of plasma structure has hen investigated in some detail. Large

and iuall scale electric fields in the ionosphere drive horizontal current, that are ohnically

dissipated as heat in the altitude region below about 250 ki.. Above this altitude significant

frictional heating of the ions can oct ur as a result of a relative drift between the ions and

t he neutral gas. We have studied the differences between representations of this heating in

tertis of a height-integrated Joule heating rate and an in-situ frictional heating rate. It can

be quite clearly seen that the heating rate per particle must be considered in each region

,,f interest in order to relate mieasuretnent, made in one region to conditions existing in

;tnot hier.

The research activities reported on here. represent some significant advances in

our understanding of physical processes in the high latitude ionosphere. They also provide

,me tools wi, h which the phenomena can be modelled and represented. The work described



here has significant implications for future efforts and points to the need to consider, not

only the high latitude region but also the degree to which the electrodynamics is coupled

to low and inid-lat it udes.

2. Ionospheric Electrodynamics.

Here we describe the results of studies of large-scale . Yift kin.) electric

field, in the ionosphere front a source, or sources, in the outer inagnetosphere. We

attempt to describe the configuration of these fields in the ionosphere, their dependence

on the orientation of the IMF, and the magnetic and electric field configuration in the

magnetosphere with which they may be consistent. In addition to externally applied electric

fields., we also consider the internal generation of much smaller-scale electric fields produced

bv plasma structures. In this case. the process of electrical coupling betwevii different

regions of the ionosphere must be considered in some detail, since the magnetic field lines

maY not be regardled as electric equipotentials.

2.1. A nodel of the High Latitude Convection Pattern.

Many studies of the high latitude convection pattern have shown that

temporal changes in the configuration of the pattern and the magnitude of the electric

potential are extremely important considerations (Lockwood and Cowley, 1988). While

measurements of the convective properties may be dominated by these effects the desire

to be able to instantaneously describe the convective motion of the plasma still exists

from the point of view of determining the effects of convective history on the compostion

and total concentration of the ionospheric plasma. Ultimately we would like to determine

all the parameters affecting the configuration of the high latitude convection pattern and

',pecifv a model, dependent on these parameters. While we are not yet in this position, we

have advanced to a stage where analytical expressions can be used to represent the large

scale properties of the convection pattern for southward IMF. These expressions allow

c-onvective cells of different geometries to be constructed and can therefore simulate the

major features of an IMF B. dependence for the case when the IMF has a southward

component and distorted two-cell convection patterns when the IMF has a northward

coinponent. In addition to developing the mathematical expressions themselves, we have

also examined our capability to reproduce a given satellite observation. In this area we have

studied the high latitude potential distribution obtained from specifying only the potential

distribution around the convection reversal boundary. and the shape of the boundary.

S1,ecific developments are summarized below.



2.1 .1 - Smit lImnrd I NIF

WVhen the IMF has a southward component the high latitude ionospheric

C' ivection pat ternt is characterized t wo couniter-rotating vortices prodlucing antisunward

c, qIvect ion at highest lat it tides and sunward convect ion at lower ]at it iudes. A representation

of thle convective mnot ion of thle plasitia is obt1ained Yilust rating lines of constant electric

ptntl.alonp %%inch, inl 't (adv st ate, the plasmna miust flow. 'llw miaJor at tribultes (If

tids( elect nil potential itreanilit-s that miake up the coiiv ction cells are their geometrical

li/e( ;tlif shma ii tie( albsolvitle value of the pot1entijal ext rei na that is represented by lieti.

We. have fouind that t he convect ion palt erit can lbe characte(rized very broad-ly by a circular

rg-iori insidle which ile plasitia flow% is ant isiiiiward and beyond which the miagnitude of the

polt ial dc ruases withI lat it ude. A qumantitative descript ion of thle convect ion pattern can

II 14 AI144 Iiki Is ~J, ifV i IW thIe local ilne (listibution of the potentinal arotin1 the boundary of

Ow, cliciilar r-gnif. and i li l Ildf d11'~istrilion of tihe potential along a loical tiiiie iiiridIitii.

We will call lihe boinoarN of't the ci rcuilar regioll. thIe C~liveTl ion re versa] bondary. iguire I

shiows a represent at ion of the convect ion p~at tern derived froii. the information given above.

Lines of constant potential are showni to represent the convection streamlines. The latitudle

distribuition of potential along the 0600-1800 meridian and the distribution around the

convect ion reversal boundary, assumed to be a circle of radius 1 2 ', are also showni. This

formulation allows the relative shape of the convection cells to changed by changing these

two dlistributtions. Figure 2 shows two representations of the convection pattern that can be

pr(hlced by changing these two distributions. They can be used to approximate empirical

rep~resentations of the pattern for positive and negative values of IMPI BI, respectively. We

note that the changes in the shape of the p~attern are obtained by moving the location of the

zero potential ine on the( (lawn-(Iusk meridian and by changing the local time distribution

of the potential. Thus at more qutant itat ive representation of the pat tern is obtained by

att ei 1)t ing t0 fill(] the (14-l)(nllence that these attributes of the pat tern have on the value

This task was undertaken by utilizing the DE-2 dlata base of electrostatic

potenlt ial disi ribttions dlerived froto each high latitude satellite pass (H1-airston and leelis.

1990). Fits to Oti (data were performed to determine the locat ion of the zero crossing for

ext reiie valups, of posit ive and negative BY. The restilts are shown in figure 3. Similarly the

data can be examined for changes in the local time distribution of the p~otential around the

f'' n"Wt iOnt reversal boundary (Lu et al.. 1 989). In addition to changes in the geometry of the
convection cells as a function of the INIF BY Copnn. iiaofuntt th aboue

%aju of the pol (lit ial ext renia onl t Ito bonidary are dependent onl this Iparaileter. Figure

3
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*;~io t hat Wvhile ; igniificantt s( at ttr in the flati a exist s. a trend I owaril it (lij)fIm-ndect

on B_ can easily be descerned. F'inral v it is found t hat a de1 )etdemrtu of heit radilus of

ie( cii \ctiott rversal bounidarN ontit(,i potential drop across it ( S i,,co. 1 982 cart he

coriirmted. Wit h I i', curriulat iye iuiformtiton it is poss~ible 14, insert anaiI lical dlependences

on .3 int o t he expressions (le'cri hing t it( convectint patt erni and thivu product a miodel

hat 1, l1. pettdvct ('III% onI t1e INiIF mlagnitudite adf dlirectiotn. The itifmlel produiced to

(14" T !tIII tlo t rie(tiohi pattlift 1,r outthiwardl l.'sl lii iw- miip'rawi at rihtji.". i ir~i ii

it global piattern Io bie li-dlced that idispla%> tie( tir't order (Ilwn~id(.I(e, o (lit i

I Nil hown b1v oli~er at jf s. Sifct id. it allows fundiiicut al parameit er, oIf thle miodel. such

a, thW l)caion and rlagn it ude of t he potential ext ret ta. wh i ch can fie (lirec t l dlerived front

'a11t li dat a. to be input direct Iv to the niodel. 'Fe it(model is Itills c'apiale of producinrg a

hlr,-prve entatiot of th liE' f ctio pahlt tern, that directN lv rproduce' dahit 0fromii a given

-1 llii. pa". Hlt' ext rci'e (ani he dtli qticklk anid iasilk [Cr a 'ihrij)," ;t~Ild t11 hi;k4'.

yiiN% rttiaitt, I(i utak, it adapt ye t I( nilt ijle dlata et.Several itiprf.\entiir I Ii vi ttiil

ri~ijr, furt her tiid,\ oif It le data.

At liresent %%e have it goodl represent at ifon of thle pot ent ial ii Iribl t f i a t

futnition of latttide in the poldar cap region. hlowever. III( local t imei dist rilttion around the(

po(lar capi 10 tlifarv. and] thle lat itutde (list ribut ion for lat itifles helow the j)o lar cap bounidarN

i' tnot Av II (quant ified. Larger (dat a bases are requlirdl to advance our Uinderst anding of

hei pout em ial fli't hu t iot around the boundary. I 1 '.%ever. tie( (list ril oi ion at lat itutdes

lffwt it( polar cap boti rdarv requires, us! first 1 t underst anid t he geophi ical variables

that control its bdiavior. It is clear I hat during ialviet ic Storins thle lII;tgtlft osldleric field

ietit ritle. to lower latitilc! in thle ionosphecre, bilt O le reitiral and( spatial leperidence

of Ii. ph'.niui'lprta is not well estabilishedl. This pre'ei-it Itinl is useftil itt tiet nrinirig t li

colt, ;c it e hi torv of ionospheric lilasitia and the effects t hat chainges in t he hit 1 -r.; -2 ight

ba(it obsewrved plastia dist nibut ions at high lat itutdes.

2.1.. Nortlird IMEF

One of thle p~roiducts o f the con1vect iotn tilel fevelolintent fir oith lward

IM 1IT thle capabilityv to p~rodulce a single convect icn cf'll (if altmost aliit rar.N shape arid

rilpresfnt ig eit her clock w 2sf or ant iclockvwise circilattion. "It 1thIis capabtlility it is possible

to lbegiii development of a reliresent at iot (if thit( (ot:v(-ct hu pat t -rr for nritliartl I NiIF

liv- aliitiir thbat tie pat termn lee I( re1 )rfseritted Iv\ four circutlatio ceill,1 withI shapes.

polit al distributions arid lofatiotis t hat (depend ont th lie tiagtit 11(1 aif] oiriett ioifn (if t lie

I Ni F The pri blent i' approached itt ; simiilar mtanrier as the caste for sfitliward I NTIF. First

\f ,',taliisht the( capahilit v to reproduce various cotifigurat iotns of t he con oct ionl pat ternt

6j
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t hat have liven put foirward as i epreserntatinis for the flow during t irne of northward I.I.

l lenl weI dc lerrii in the functional dependence of the controlling parameters on tile INIL

it self in order to arrive at it mathematical model. To date. the capability to reproduce

riiitriv rel|)re.,'itiations of t he convection pattern has been established. Two extremes are

a four-cell c,,ntigurati on put forward bv a number of researchers (e.g. Burke et al.. 1979.

Nl/awa. 1 9T76) and a distorted two-cell pattern described bv others (e.g. Heppner and

Nlav nard. 1'l,7). ThlW devel pnient of tie convection niodel for northward IMF assumes

the e xit.enc( ,f two driver, for the convective miotion. One. that we will termn "viscou s

iii eractin" i1 a -tiiied to lie derived from an electric field in the niagnetospheric low-

l;t it dI 1-,unidarv laver an( is independent of the IMF but not of the solar wind speed and

,1-nbi. It prodnce, art essentially symnietric two-cell convection pattern in the ionosphere.

th i llg as stated prevoursl v the dependence.i of the paraneters in the model o1 external

i T~,, ht ~iri,,r l- l iot vet(lI 1, 'l i itablished. The second driver i iderivil froi direct coninection

,,t (w vei the l lIL ]ine( in tOli magnietoshealh with the geornagnetic field. This electric field

;an(I ri. -ilt irilg mnvct p pattcrn in the ionosphere is del)endent on the IMF niagnitude and

(,rinitati, it a, well as tile solar windi speed and densitY'. It produces t lie familar assyniet ries

i t he c, ,nect ion pattern that have been studied for the case of southward IMF and in fact

drriin;Ltes thle copniucction pattern during such periods. During northward IMF. however.

the relative importance of these two drivers is not yet established and they combine to

prodtuce the varietY of representations of the convection pattern that have been put forward

ini the literat re. Figure 5 shows the capabilities of the model constructed in this way. The

',I) )ainl shows t four-cell pattern obtained by adding tle two cell convection patterns

froin each driver. lI hre we have assumed that both drivers produce svnuietric patterns

arid tlits. lie resultintg configuration is sonewhat idealistic. Nevertheless. it allows ins to

st abliI i variable, such as tire location of the convection pattern center and the radius of

ti,. corvet ion re veral boundarv for each driver, upon which a niore realistic pattern niav be

(1 wvloied. If these, parameters are change and a less symmetric potential distribution for

tie -'-irect cinnection" driver is assumed. then the second panel shows quite convincingly

how a distorted two- cell pattern may be formed. In addition to providing the capability to

reproiItce such convective configurations, the formulations currently being examined allow

sMie in,,ight into the evolution of the convection pattern from one state to another.

The availability of a convection model that allows the separate specification of

flow patterns from two sources, raises tit issue of their relative importance. Here we must

ricognize the iliflicultv in identifying the different drivers front ionospheric measurements.

diii to our itabilitv to uneqti vocally deteirnmine the inagnetic field topology. In an attempt

9



io lied some light on this topic we have undertaken a statistical sltidv of tihe relationshlips

bet ween the boundaries in energetic particle precipitation regions and the boun(laries in the

tlnivect ion pattern that mark reversals in the ion drift from sunward to antisunward (Coley

et al.. 1987). It is found that the identification of antisunward flow within a region of aurora]

precipitation is subject to some uncertainty because the region of overlap is generally very

stiiall. Thus the signature of "viscous interaction" in the ionosphere is verv small. Either

it i, -imiilarlv small at the magnelopause, and can account for onlk a sijall traction of

he tot al cross polar cap potential. or the existence of parallel potential drop, between

the source and the ionosphere Make it impossible to determine the relative importance

from ionospheric measurements. Examination of the data shows that both Sunward and

anrisunward convection on open field lines may be a relatively frequent occurence on the

davsile of the dawn-dusk meridian, (luring times when the IM F B, component is large. The

daT a -upport ti he convective cotifiguration l)roposed bY Burch et al. (19 51 itt which bol h

flow directions in the ionosphere are associated with flow in the loles of the magnelolail.

Thi, "lobe cell- convection coexists with convection cells attributable to merging of the

IMF with the Earth's closed field lines during times when the IMF is soulhward.

2.1.3. Temporal evolution of the Convection Pattern

In addition to attempts at constructing analytical expressions for the

electrostatic potential distribution. the consequences of specifying the potential distribution

around the convection reversal boundary and subsequently deriving the global potential

from a ,olution of the Laplace equation have also been examined. A scenario is adoptled for

the solar wind/magnetosphere ionosphere coupling where closed magnetospheric flux tube.

inerge with the solar wind magnetic field. The resulting opened field lines convect across

the polar cap ionosphere because of field line tension (Moses et. al.. 1988.1989). In the

model. the ionospheric plasma is treated as a two-dimensional fluid. An adiaroic boundarY

that approximates the convection reversal is placed in the fluid (Siscoe and lliang, 1985).

Gaps in the adiaroic boundary allow flux to enter and leave and the boundary expands or

contracts at a rate determined Iy the potential distribution along it and the net magnetic

flux into or out ofthe region enclosed by the reversal boundary. The potential across the gap

atd the orientation of tile gap is chosen to best reproduce the properties of individual data

sets exatmined for different orientations of the IMF. It can be shown that by appropriately

locating the position of multiple gaps in the adiaroic line, a good represertlation of the

convection pattern can be obtained. Figure 6 shows one such example in which a dayside

and a nightside gap are required but where the flux entering and leaving the polar cap is

not equal. Thus the polar cap expands. During active periods intense electric fields form

10



p)retiidnight. A[. on average the dawn convection cell spread, and the dusk cell retreat,

pretnidnight. The night side gap fornis ;lonig a meridian bet'en 2200 and 0200 NII .

presniably when reconnection is occuring in the tail. Results indicate that the night side

gap formts after the expansion phase onset of a snhstori an(d remains open through the

r(coverv phase.

Ttv iiefulneq of this description of the convection pattern Its in a deeper

itudertandilg of thE respotse (if the ionospheric convection pat tern to changes in the

I NIl and in response to sub,tortn activity, shape of the convection reversal boundary and

the ditribution of potential These findings should be incorporated into the next level of

'(,phi'ication in analytical inodels.

2.2. Pl;sulia St rictires and coinvective flow

The appearance of plasina st ruct ures of varying scale sizes in the high lat it ude

region, is of interest for many reasons. They are signatures of the temporal evolution of

sources, sinks and transport of plasia in the region. They are also the seat of plasma densitv

gradients subject to a variety of plasma instabilities. lere we confine our attention to the

existence of so-called patches of ionization seen to convect antisunward across the polar cap

during times of southward IMF [Weber et al.. 1984]. These patches have scale sizes of 1000

km or so and measuremients of the electron temperature inside them indicate that they are

not the product of a local ionization source from precipitating particles. Other possible

sources for pl .sina structure itay be due to different residence times in regions where the

ilasia is produced. These regions lie in the auroral zone and the cusp. We have undertaken

an initial study of the effects of a change in orientation of the convection pattern, due to

cliaiges in B w. on the residence times of plasma packets in the auroral zone and cusp. Our

hypot hesis i, that tie boundary of a lplasina enhliaenient in the polar cap marks a change

in the convective hitory of the l)lasiia. Initial stidies :Anderson et. al.. 1988'. indicate

that this could indeed Ie the case. For a giveii locationi at very high latitudes. two effects

iiust be taken account of when examining the total ion concentration. One is the radius

of the polar cap it self, which is in turn related to the potential (lop across it [Hairston and

lleelis. 1990 . 1 he other is the sign of B., which effects the orientationof the convection

cells. Both these paramueters can affect the past history of the plasiia seen. for example at

"'thille. Figure 7 shos the predicted temtporal evolution of th,- peak F-region density seen

at 'lile for two diffierent configurations of the polar cap boundary. In one case (100 Kv x

15") the plasnia e'en at t litle in the late afternoon has convected through tie evening side

Ii
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aiiroral zone and spent a long time in solar illuniration compared to the other case (-R0 K"

x 12 ) where at he same local time the )lasma has convected from the morningside and

'pent littl' tine in siglight. It is clear that the different convective histories can produce

1he required differenc.s in lhe total ion concentralion. Further work is called for in this

miodelling effort t-i determine the effects of variations in the B. component of the IMF and

in the time scales for changes required to produce the plasma enhancements with spatial

'Cale, of a tl0i) kii (or ,.

2.3. Electrodynamics of Polar Cap Arcs.

In addition to the large scale convective features discussed previously.

during periods of northward INIF. mesoscale features in the electric field and energetic

part it], ,' vir,,imivt p)eorvade li n Ttire high latitude region. On mianv occasitat,. these

'it tailer scale fiature ' dominate the character of the plasiia and are of considerable

irt -rest both elect rodynamically and morphologically in that they are indicators of a vastly

diffePrent configuration of the magnetosphere during tines of northward IMF from that

exist ing d]iring southward IMF. We have undertaken a study of the tuesoscale features

.xisting during titnes of northward IMF, by using a variety of satellite and ground based

instrunentation. Our first task was to establish the electrodynamic configuration of the

structures and sihsequentlY to understand how they are related to the larger scale features

of the auroral zone.

During tinies of northward IMF the exist ence of sun-aligned arcs at very high

latitudes is well established Lassen and )anielsen et al.. 1978.1. While ohservations from

a satellite would suggest that the electric field configuration accompanying these arcs is

somewhat turbulpnt and unorganized. a more complete examination from a variety of data

,oiirces serves to establish that this may not be the case !('arlson et al., 1988]. The uniquness

of our approach lies in the combination of one dimensional data from a polar orbiting

sat ellite and two-dimensional imaging from the gromnd using all-sky cameras. This allows

a detailed .xamination of the electrodynamics of polar cap arcs and also examination of

the extent to which the features manifest themselves as coherent entities. Such studies

have shown that polar cap arcs are frequentlu elongated in the noon-midnight direction.

While they mi av he only a fw hundreid kilometers in the dawn-dusk dimension they may

i.xtend across the entire polar cap in the noon-nidiight direction, being many thousands

of kilometers in extet. l)etailed examinat ion of the lectrodvwatiic pro)erties of these arcs

suggests that they liay be associated with field-aligned pot ent ial differences. Figure 8 shows

13



U) U

Qt00 C 

21 C~

YE CD

)31-

C)-

w-

0

CWDIO XVS

'S ~ 14



DE-2 ORBIT 2534 DAY 82021

3_ IA " I I ,

- 2
I,"' h o2

- t I T
-C

100 + "
Cr , _~o -- , --V----
,'. -i ) I I 'I

Q I -i-

-800 ANTItWARD I
II------------- I I I

24~

C - II

16 -- 4

UT(HR:IN) 6:49 6:50 6:51 6:52

ALT(KM) 723 739 755 769
GLAT(DEG) 69.43 73.01 76.57 80.11
GLNG(DEG) -62.1 -62.3 -62.6 -62.8

KLT(MRS) 3.23 3.56 4.85 12.13

ILAT(DEG) 78.86 81.91 84.77 86.95

Figure 8. Electrodynarnic properties observed by DE-2 during the crossing of four

polar cap arcs.
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lit- Jrotpert i4 of four arcs, labelled A. B, C . and D). Each one is, associate(] with a negative

di1 4-rtvence in the electric fieldl anid iii a im iforin back groundl conduct ivityv would require

an up(wardl field ali.-ned current. Furt her examiinat ion of (ne oif these arcs (B). shows that

t precipit atinig elect rons respoiblle for the emission are also carrYing the required field-

aligned current. Tlhui it apple'ars that these arcs are elect rodlvnainicallv similar to discrete

arrs iii t he witroral 7onesP 'LjoII. I 'X I . but they apparent lY invo~ ye much smaller field

aIi,--owl potI entI ialI( dr4I). s I ncf precipI)itIat ing celect rons wit I I energies greatIer th Iat I keV ar,

rarvlv wvnsl. Illi, colheren;t tire of liese arcs imtplies t hat their elect rodlnanhic prolpert it.

art,'i iilarivr'tvi along t hem. If this is the case then It Is possible to const ruct

Ipo.Si hie ilesoiscale conxect ion featuores associatedl with t hem. One suich example i, shown

mn fiqunre 9. 1 err it is suggest ed that smnall scale "finger- like-' convect ion cels exist arotind~

eatcl di~c ret e feat tre. [Det ailed observat ions are still reqiriied to det ermiine the natutre of

lie4 couneci ol itt Wren t he,(- njexocale fiat urv, and thle la-rge(r 'cabc cotivfctionl featutre-

a;'(iciat (( withI plasiiia flow thlrotughili 6 airoral zone. A rvocent (tpj)(ortunit v to observe suich

a featutre in thle i gut side ati1roral Zone using radlar an(l satellite imgery has shown that

,h -,--- denc.( r cdi vision bet ween ant isuniward flow that rotates clockwise into the

p~olar cap antisunwartl flow that rot ates ant iclockwise into the auroral zone 'Nielsen et aL.

POO.0.. Previous observations of the theta aurora [Frank et al.. 98 have suggested that

the sunwardl flowing plasina is associated with closed field lines that presumnably map to

the central plasmia sheet. The iniplication is that antisunward flow is associated with open

field lines on either side of the transpolar arc. We note that this need not be the case and

hat the ant isunward flow on on one side of the arc mnay be associated with the low latitude

bomiinlarv laver. Further work on the association between the global flow configuration

and the appearance of sun-aligned arcs is necessary to advance our understanding of these

fea t Ire S.

2.4. Elect rical Cotipling in Ionosphieric Structures.

Studies of plasmna structure in the high latitude ionosphere are complicated

by the varietY of structuring nmechanisms and by the effects of transport, that can deliver

st ructutred plasma to places that are significant distances fromn the source. A previous

se.ction included soin work and discussion ab~out tine formation of large scale structure

from variation' in lie convective flow pattern. Hlere we are interestedl in the behavior of

smialler scale stmc-tutre as it is transported from its soturce. The electric field responsible

for the t ransptort will generally be of scale sizes larger thtan a few tens of kiloinet ers, and
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originate from outside the ionosphere. However. te plasma structure itself will produce

electric fields from the existence of pressure gradients. and these will exist at the variety

of cale-sizes possessed by the structure. For scales sizes greater than about 5kill the

electric field associated with an isolated structure will tuap almost unattenuated along

the liaginetic field lines antd its evolution will therefore depend on conditions existing at

locations remote from the structure. For example. if an F-region structure convects over a

hihit conducting E-region. the electric field can le effectively shorted. tios increasing the

rate at which this scale-size will decay if the E-region were not present. At scale sizes less

than a few kilometers. this simple view of the processes acting to determine the evolution of

F-region plasma structure is complicated by the fact that the magnetic field lines cannot be

regarded as electric equipotentials. We have examined the processes involved utilizing two

approaches. The first examines only the effects of the E-region on the teinipral evolution

of a lia'-lna structure ill the F-region. For this purlpose we, inav a-,-umv that the F-region

and E-region are slabs of l)laS!iia of some specified vertical extent. hut ween which electric

fields map and are unattenuated in so doing (Ileelis et al.. 1985). This implY micans that

an F-region structure will produce pressure gradiemt electric fields that may he partially

shorted out by a conducting E-region. If the E-region is highly conducting then the F-

region pressure gradient field will be shorted out and the structure will decay at a rate

determined principally by the local perpendicular ion diffusion rate. If the E-region were

a perfect insulator then the pressure gradient field would not be shorted and the plasma

truct tire will decay at the local perpendicular electron diffusion rate. The real situation is,

of course, in between these extremes, where the conducting properties of the E-region are

important. However. as soon as the partially conducting E-region is con.,idered, the effects

of the F-region field on the local redistribution of plasma must he taken into account. This

electric field tends to produce an image, in the E-regitu. of the F-region plasma structure.

'rhe second approach considers in more detail the imappitig properties of the

electric field. In particular. it is important to understand that the electric field mapping

process is scale size dependent (lleelis and Vickrey. 199(). Thus electric fields from F-

r(.gioi; structures of small scale size (< ]kin) nmav be quite large but not map effectively

to a highly conducting E-region. Electric fiels front larger scale features in the F-region,

mi;ip effectively to the E-region. but the electric field, are of smialler magnitude. In order to

Imlderstand all these effects it is necessary to c(,nsider the altitude distribution of the electric

field and the plasmia. With this consideration we see that a given altitude below the source

region !Q)r the electric field will show a preferred scale size at which the compressional effects

atid therefore image formation) are a maximutm. Since the electric field is proportional to
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t 1w pla~.itia prercir grzo i ent e lect ric tie-ldls are largest for ~rriale,;t scale sizes at thle source.

ti e~e th- snitaller scalef( size, do riot itial effect i v--l% awav fromn the source. Thus the

vlect nc field at an v Im-iat ion will be a conilinat ion of the alt ituode mapping process and the

scatle sj/ev untder ci tnsiderat ion. At large scale sizes, the amuplit ude of imiage structure will

iiicrease with dv(lcreasitig scale sizes for all source pert urbat ions whose amplitudes decrease

less rapidlv t han A The inclusion of t he elct ric field ittappinig l)roc(,.; simphly enforces a

ilicrease ini H it ainiplituide of iniage strnict ire at large A fo(r any ampillitudfe distributiotn of

0wt -eirce. Thius a high frequeniic "roll-off' of thle iniage spi-ctrumn will] always., occur anid

will occcrxr at smialler k' values (larger scale-size) thait predicted lbY a theory that does not

ii elude thre electric field inapping lprop4rtieU's

3. Imiosplieric Frictinal Heatinig.

lIn addit 'itt to the impiIortance it (letermiitining thle convective history of the high

lat it ode plasmia atnd Ine response of the convect ion pat tern to changes in the siN F. we

are also int restcdr in the effects of the plasnita motion on its energy content. The large

convective flow velocities Seen at high latitudes. imply the existence of significant frictional

hearing, and int sich areas, the plasma will expand, the Jplasmia composition will change

andl the heat will be delivered to the neutral gas. In describiing the effects of the p~lasmna

rinot ion ott the teinnperatuore of the gas it is import ant to (list inguish between a heating

rate determined frornii thle product of thle electric field atnd the height integrated Pedersen

c~oitinict ivitv Atnd Owli heatirng Tier particle dletenrined fromt the local dlifference bet ween the

iori andr tielitril w itnd velocities. Int order to undlerstarnd thle different iniplicat ions of thlese

two paraniet er, w(, have un(dert akeni a mnorphological ,I xidY of Ithe global dist ribut ion of t he

t on t vi il erat tire atid th[it ion veloci ty ( Ileehisk andl (olei. I 19,88). By exarmiining thle differences

in t lie (li st ril1) u t ion, of' t 'iiperat ure airid %Veloci t we carn ascert amn thbe effect s of local neut ral

wind(s in trioderat irig or iricreasing the ion hevating rate. By examinfing (leifferences between

he ion t eriierat tire (list ribrit ion arid t he global frict iornal heat ing rate or E.E2E we can

5 ee the effect, oif the ion concent rat ion on the ion temtperature. Significant differences can

bie seen. Fi,_nire 10 serves to illustrate most of the featutres. The Joule heat ing rate is

rlepettdentt on 1ioli the relative ion-neutral velocity and the total ion concentration. On the

other hand. eithatremients in the ion temperature depend only on the relative ion-neutral

velocity~. It i, t hus thle heating rate per particle that is related to the ion temperature.

10gions of larae Jouiile heat ing rate produced by enhancettient s in the ion concent rat ion will

riot necess ary he accomtpanied by enhancements in the ion temperatutre. In the F-region.



thi, phenomienumi manifests itself in the cusp region. hi th, dawni(h. F-region. a local

maximum in the ion temperature is seen in the F-region while no ,uch mnaxilumxi exists in

the heatinig rate. In this cae. a miaximum in the ion neutral v(locitv (cerlainlY (loes exist.

hut this is out eract ed bv a mini 1111 in the total ion concentration. Thu,, the heating rate

per particle is a maximum. while the total heating rate is not.
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Iontosphieric Conve~c t in SigntatureIs andl I NIagn Ct.i(' Field IOIpoIogy

WV. R. (LEY, It. A 144Al.S, A ND) W H. II ANSO0N

C Ccnttr for Sp.ace Scot ni i. Uniersatfy of rrza, ot ullas, Richardson. Tezos

P. H. PilFF

Center for Sport Physics, Rice Unit e rsiitjj Hiouston, Trza

J. R. SIIARBERt AND J. D. WINNINGHAM

Sotithseat Reseaeh Inatitufi. San Antonio, Toras

We present here a statistical study of sigsiatures of the high-latitude ionospheric convection
pattern and the simultaneouisly obnerverd energetic electron precipitation We moot often find
convection cells in which the sunward flowing region contaris aurora) particle precipitation but
the antisunward flowing region does not However, our observations also show the frequent
occurrence of convection cells in which neither the ant isunward nor the sunward flowing plasma
region contains auroral particle precipitatiam These findings may appear within the dlawnside or
duskside convection pattern and strongly suggest that such convection cells may be associated with
open magnetic field lines that thread the magnetotaid lobes Examination of the interplanetary
magnetic field (IMF) data shows that this "lobe cell" corisection signature is most liely to be
accompanied by the signature of dlayside merging when the IMF has a significant It component
but is directed southward. A lobe convection cell has a location and sense of circulation that
are dependent ot the sign of By For the northern hemisphere, clockwise circulation displaced to
the duskside appears roughly 35% of the time when By is positive, and anticlockwise circulation
displaced to the dawnside appears when By is negative The same circulation sense and location
exist in the southern hemisphere for the opposite polarity of By. At times of northward IMF, the
circulation withmn the polar cap can be at least partially on closed field lines and cannot be eiasily
reconciled with merely a distortion of the standard "two-cell" convection pattern. The significance
of these results to several models of the soloar findl/magnetosiphere intoeraction is discussed

Vl RNA~l ()I,1tlg'~t~ ds pl l . %()1 91. No) 't7. I'*NI S 7S,1l 75;7. UIN 1t . IYSN

GlobalJ all( Local Joule Heating Effects Secon by DE 2

It. A. IIEELIS AND W. R. COLEY

Center for Spilfe Scen~ces, UJniversity oj Tizs ot Dallas, Richarvdson

In the altitude region between 350 and 550 kint, variatiors in the ion temperature principally
reflect similar voriations in the local frictional heating produced by a velocity difference between
the ioins and the neutroils. Here we show the distribution of the ion temperature in this altitude
region aiid discuss its attributes in relation to previous work on local Joule heating rates. In
addition to the ion temperature, instrumentation on the DE 2 satellite also provides a measure of
the ion veltocity vector representative of the total electric field. From this information we derive
the local Jtile heating rate. From an estimate of the height -integrated Pedersen conductivity it
is also possible to) estimate the global (height -integrated) Joule heating rate Here we describe the
differences and relationships between these various parameters.
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Origin of density enhancements in the winter polar cap ionosphere

D. N. Anderson and J. Buchau

Air Force Ges'phvsics Laboratory, Hanscom Air Force Base, Massachusetts

R. A. Heelis

University of Texas at Dallas. Richardson, Texas

(Received September 15. 1987: revised January 20. 1988; accepted January 26. 198.)

Coherent and incoherent ground-based radar measurements of the winter polar cap ionosphere at
Thule and Sondrestrom. Greenland have established the existence of "patches" of enhanced ionization
which drift across the polar cap in an antisunward, noon-midnight direction. Associated with these
patches is strong radio scintillation activity which severely disrupts ground-to-satellite communication

,ystcms and interferes with the operation of space surveillance radar at high latitudes. Several recent
,tudics have shown that the source of enhanced ionization is the sunlit subcusp ionosphere rather than
production by precipitating energetic particles. However. the question of what causes the patchiness
has nol been addressed. We study this problem by solving the time-dependent plasma continuity
equation including production by solar ultraviolet radiation, loss through charge exchange, and trans-
port by difTusion and convection E x B drifts. Time and spaially varying, horizontal E x 8 drift

patterns are imposed. and subsequent ionospheric responses are calculated to determine how enhanced
plasma dcnliies in the dark polar cap could result from extended iransilt of relevant flux tubes through

region% of significant solar production This would occur south of the cusp prior to convection ,is
patches across the polar cap. It is found that a density enhancement in .V,. from 7 , 10' to 5 x 10'
el cm' occurs at Thule when a time-varsing convection pattern is included in the simulation. The patch
of ionization is generated when an initial convection pattern characterized by an 80-kV cross-tail

potential and a 1. polar cap radius is abruptly changed to a 100-kV cross-tadl potential and a 15
polar cap rauius. {he horizontal extent of the patch is related to the length of time the new convection

pattern remains -turned on"

til ofV\ N o itt 1, ii1ItNt 14%1I HI' N (I . % 01 4ES 1. N 1 ) I. lotit .j7vS q~~'ij %l . I' Jll Nli H . '. 0

A Model for Multiple "'hroal Structures
In tlel Polar Cap Flow Entry Region

%1 I. N .iii. (I S ls(()9.2 R. A. 1111:1 IS.' AN) 1. I). WINNIN,0gilAM4

A i m-p-liicis.ltlil i v ill.-~liitct n ction mode-l has ait d v ld to pfrodiuccLtoi ncliti pll l' it-
hr ,'iilhtilf init-rplaniclar% magnelic ield IMI'I and a piisiiie or nei.lte IM I- s componseni 1 he
ntlel coiiit% of , molable. %hear convection reversal otundary with a gtap in it %here flux enter% the
poar cip Ihe sign of IMI H, determines the dayside gaip geometry We use Ihi simple miel Io
simulait ti asmiied ioospheric flows from the DL 2 satellite Roughl . of DU. 2 passe- that cross die

d.iysidc tvcta cn t(ir) .iand 14(11t hturs M cLTcannot he model ^ih a siigle narrow flow entry r-glion
N) timp.trll$ ni.ilel calciilaiions and the measured ion flows. we show that the da)vide flow enitn
regioi t Ihe poli cap typcally spati several hours in local time Ilte electric Wield can concentrtite
ellongt riitotN of the ipilar coap ntranv and weaken hLiwern ihe coticenirate d rcions, thus forimingt
nituttple "-lhrimais ""
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HI. C. Carlson,
1  

R. A. Heelt q,2 E. .1. Weher,
1 and J. R. Sharberl

Abstract. All-sky Imaging photometer (ASIF)
and )nien B 2 satellite plasma drift andi

particle data have been combined to study polar
ionospheric convection in the presence of sub-
visual Intensity, soft-particle excited (F
region), 6300-A, Sun-aligned polar cap arcs.
Coincident DE-B drift meter data identify these
arcs electrodynamically as lines of negative
electric field divergence. Based on conduc-
tivities, derived from the DE-B (low-altitude
plAsna instrument) measured particle fluxes, and
thle measured electric field gradients, the
divergence of horizontal current across these
particle impact excited arcs Is in good quan-
titative agreement with upward Birkeland
currents carried by the measured particle
fluxes. Although velocity structure can be
found without arcs, given the ASIP identified
condition of stable weak (hundreds of rayleighs)
6300-A Sun-aligned arcs in the polar cap,
electric field negative divergence Is con-
sistently found& These arcs (of the order of
100 km in width) are found by ASIPs in the polar
cap about half the time under B. > 0 inter-
planetary magnetic field conditions. They are
regularly seen by ASIP data to extend 1000 to
over 2000 kto in the sunward direction, and to
persist in time often for over ant hour. We Are
thus led to conclude that velocity aradierts of
this noon-midnight elongated scale are typical
of Bz > 0 conditions. We further conclude that
combined polar ASIP images and electrostatic
potentials calculated along transpolar satellite
tracks offer a valuable diagnostic for polar
Ionospheric convection studies under Bz > (I con-
ditions. The ASIP time continuous two dir'pn-
sionality and the satellite eqimipotential
scaling allow individual ..snapshots- of these
Polar convection boundaries. Application here
demonstrates highly anisotropic temporally
stable convection with greater order than has
previously been suspected.

0It' ~ )1 )ll~l AL HI SI AR(lt. Vol.. Im* No) A4. t'A( iS 17.15 17),4. APRIL1.9,)

Po)Jlar Ca p Defclation During M agnitosphcric Substorms

.1. .1, M4 Is.S G, I., Ss% ()1 . R. A. Fili IIIS.' AND)j ) WINNIN(MIA-M4

I lic cVp..i,, in .,'i r~i,.i I nj; ptiLar car niodel hias heni used it, si itila:,,D 1)1 t on drift daita duiring
mihs,.,u isa detriiid us~inj the .41. index. Of the 39 casses miodele. 57*', reqiuired the opening of a
nighisitic gip %hidi ffliaps to Ahcre recinnection txtur% in ihc jail. 75".of the 16 recovery phdA.e cases
required a. iiglside gaip white only 29% of the 17 expansion phase cases required a nightside gap. On

the hams of this result, we conclude the following if a nighiside gap iinplies tail reconnection, then
reconniection prohably ,occiir- after expansionl phase onset and continue% throughoul most of the recov.

cr) phase of it Nuhstorm.

27



.N Io (cl of t lI vI igi -La ( i]t ld c ri c Ci .'ect in PaI tern During
Sout Iwatrd ]mtclltt ary N1-inletic Field Using I)E 2 Data

'.It.H IAI ST N' AND U. A. l41.i-,s

I 't ri t, t f, Sim . , it )(- .4. ~ay of 71 r.,.,at a ll , Ric (Irdilon

Data from 'het ],ol r-orhitiiag slt l ile F. )'_ are iu.ed io calculate one-diliensional elec-
trostatic potential distributions. icrosst l}e- polar (ip r.gi,.0. Using passes that lie within
± 3 hours MLT of lhe dawi- dusk lint. various paranlleer. (if (he piolar potei.lial distribu-
tion (location aid ,magnitue of th lmaxii, and uinima loation of the zero polential
point, ec.) are anal zed iii reltion to each other tiid io tlhe interplanetary mniagnetic
field (IMF). The resulting dlwndences are used to derive a Iwo-diittensional itodel of
the dist ribut ion of t lie t rostat ic pot e ial in I the high- lat it ude ionosphre during times
of southward IMF. his model cai be generated using as inputs either the ionospheric
potenlial paramlters or. based otn the relatiomshii. atialyzed here, the IMF conditions.
The capalbilifi's ol the resultiig iathemttical model are illustrated, and the importance
of retaining a flexihili)i I the model to accosimodate individual observations is enipha-
sized.

Ionospheric Flows Associated With a rnanspolar Arc
1 ,y

E. Nielsen', J.D. Craven', L.A. Frank2 and R.A. Ih'elis 3

Max-Planck-Institut ffir Aeroloniie.

lKatenburg-Lindau, FRG
2 Department of Physics and Astronomy,

University of Iowa, Iowa City, Iowa, 52242 USA
a University of Texas at Dallas, Richardson, Texas 75080 USA

Abstract

A theta aurora is o)served in the northern hemisphere on 21 January 1982 using
the aii'oral iniaging instrumentation on board the DE-1 spacecraft. Thv periodn of
observations is from 1807 to 2121 UT. The transpolar arc is observed to advanced
toward the dusk sector, in the direction of the interplanetary magnetic field By
component. Coincidentally, the intersection between the arc and the auroral oval
near local midnight passes through the field-of-view of the STARE coherent radar
system, thereby providing the opportunity for measurements of the spatial pattern of

1,1W0 p)teric electron drift velocities. The convection flow in the arc is direct-d toward
the uightside auroral oval, where it divides into westward- and eastward-directed
flows (eastward and westward electrojets). Sunward flows are not observed along the
transpolar are near midnight. The overall flow pattern is identical to that expected
-it the Harang discontinuity. Two traversals of the auroral oval and polar cap with
DL 2 demonstrate that, as expected, transitions from antisunward to sunward flow
are associated with the dayside of the transpolar arc. The evolution of the arc and its
convective features observed simultaneously on both the dayside and the nightside
allow a more complete description of its global configuration than has beeni made

previously.
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Magnetic Field-Aligned ('oupling Effects on Ionospheric Plasma Structure

R. A. Heelis

The University of Texas at Dallas

J. F. Vickrey

SRI International

ABSTRACT

A mathematical description of the electrical coupling and dynamics of plasma

structure in the E and F regions is presented. The scale size dependence of electric field

coupling along the magnetic field is examined for a realistic background ionosphere and

atmosphere. It is shown that, while normalized potentials map reciprocally between two

altitudes, the potential disturbance caused by a fixed amplitude plasma density perturbation

does not. The magnitude of the electrostatic potential created by structured ionization is

also shown to be strongly dependent on the altitude of the st ruct ure.

The existence of plasma density structure at some altitude induces structure at

other altitudes along the magnetic field in a scale size selective way. The early evolution of

an F region structure that is initially confined in altitude is dominated by parallel diffusion.

Low altitude image structure growth imposed by electrostatic fields mapped from the source

is also very rapid; significant image amplitudes are reached in a matter of seconds. The

altitude distribution of the evolving structure is strongly dependent on the scale size.

At E layer altitudes, where the Pedersen mobility is high and parallel diffusion

relatively slow, a preferential scale-size for image structure is apparent for typical F region

source spectra. This preferred scale size becomes smaller with increasing height. Above

about 200 km altitude, however, parallel diffusion becomes increasingly important with

height in determining the altitude and scale size distribution of structure resulting from a

source at higher altitudes. The parallel diffusive flux can be modified by the existence of

local plasma structure perpendicular to the magnetic field.
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